.J 1-,. with the purpose of studYing the cross section for formation of the various spallation or fission products. It has been found possible to isolate a number of radioactive product nuclides by standard radiochemical techniques using inert carriers, and to identify the nuclides so obtained by observing their half-lives and radiation characteristics. Both absorption measurements and. low resolution magnetic beta spectrometer measurements were used Where appropriate to differentiate between isotopes of the same element with similar half-lives.
A mechanism of spallation has been postulated which contains the basic assumption that the probability of emitting a proton from a highly excited nucleus of low atomic number (i.e., less than 30) is approximately equal to the probability of emitting a neutron from the same nucleus *Now at Department of Physical Chemistry, University of Uppsala, Uppsala, Sweden • **Now at E. I. du Pont de Nemours and Co., c/o L. C. Peery, Box 314, Oak Ridge, Tennessee.
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under the same conditions. From the postulated mechanism it can be deduced that the spallation products for a given nuclide can be divided in-
I
to groups a priori~ the yields of the products in any given group falling on a smooth curve when plotted against mass number. Five such groups were predicte4 for the spallation products of iron, considering only the abundant isotope Fe56. Experimental results show satisfactory agreement with the hypothesis.
II. EXPERIMENTAL TECHNIQUES Target Makeup
Two types of targets were used 9 which may be referred to for con= venience as "thin" and "thick.fJ Each thin target consisted of a single iron foil, approximately ten one-thousandths of an inch in thickness 9 through which the beam passed perpendicular to the plane of the foil. On either side of the target foil were "guard foils" of 0.001 inch thick ' . ' , aluminum, and outside and parallel to these were foils of 0.0005 inch thick aluminum (see Figure 1 ) used to monitor the total beam through the target by use of the Al27(p~3pn)Na24 reaction as described by Stevenson and Folger. 1 Energy degradation of a 340 Mev proton beam in passing through such a foil is negligible.
Each thick target·consisted of a stack of from four to six 0.01 inch . . ' .
iron foils, the dimensions of the stack being about 1 3/4 x 1/2 inches,·
. the beam passing through the stack parallel· to the 1/2 inch dimension. . hydrous oxide was dissolved in hydrochloric acid and the iodate precipitated. The iodate was dissolved in hydrochloric acid and sodium sulfite.
Finally, titanium was .precipitated as hydroxide with ammonia, washed, ignited to Ti02 and weighed.
-10-UCRL-1586 7. Scandium. Scandium was separated by precipitation with oxalic acid from 0.5 N HN0 3 • The precipitate was dissolved in concentrated · nitric acid; manganese carrier and fuming nitric acid were then added.
Potassium chlorate was added to precipitate manganese dioxide and to destroy the oxalate. Scandium was precipitated as the hydroxide by adding ammonia gas to the supernatant. After two more oxalate~hydroxide .
cycles, the scandium hydroxide was washed, ignited to Sc 2 o 3 on a platinum dish and weighed. The ammonium salts were removed by fuming over a Meker burner. The residue was dissolved in water. Perchloric acid was added, the solution was heated to fuming, then cooled in an icebath and absolute alcohol was added to precipitate potassium perchlorate. This was carefully washed
with absolute alcohol to remove ammonium perchlorate and recrystallized twice from perchloric acid. The precipitate was washed with alcohol, dried at 110° C and weighed as KCl04.
10. Chlorine. When chlorine was to be isolated, the carrier was added as solid, freshly prepared silver chloride and the target was dissolved in dilute (~3 H) nitric acid. Th~ exchange between chloride ion in the silver chloride precipitate and the radioactive chloride ion in the solution is supposed to be r~pid and complete.3 After the target had completely dissolved, the silver chloride precipitate was separated.
Silver chloride was then dissolved in 5 H NH 4 0H and scavenged with ferric hydroxide. Potassium iodide -was then added to precipitate silver iodide, and after centrifuging, an excess of silver nitrate was added to remove iodtde. The supernatant was acidified with nitric acid to precipitate ~ ' silver chloride and the precipitate was washed, dried at 110° C and weighed.
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III. RESULTS

A. New Chromium Isotope
In the chromium decay curves a new activity was found after subtraction of the activity due to 26o5 day cr51. This half-life was found to be 19 hours, 24 hours, and 23 hours in bombardments FeP2, FeP3, and FeP5.
Owing to a very poor chemical yield in bombardment FeP2, hoi-rever,. the last two figures should be more accurate. Since the electrons from cr5 1 can easily be blocked by a thin aluminum absorber (~30 mg/cm2) the growth and the decay of an isotope of a half-life of 16 days could be observed. In bombardment FeP5 two sets of absorption measurements were made, one after about 15 hours and the other several days after the bombardment. These measurements showed the growth of an activity with beta radiation of about Oo 7 Mev maximum energy. Furthermore, part of the purified chromium fraction from bombardment FeP5 was left to decay for two weeks in the presence of inactive vanadium carriero The vanadium was then separated chemically.
-16-
UCRL-1586
This vanadium sample showed an activity with a half-life of loo2 days . . and an energy of 0.78 Mev (determined from aluminum absorption measure... ments). The chromium isotope can, from these experiments, be assigned the mass number 48. Furthermore, the counting efficiency of the isotope was determined from the counting rate of its daughter to be about 4 percent which indicates that it decays mainly by electron capture.
B. Spallation Yields For cr51 a counting efficiency of 3 percent has been assumed. This figure is very uncertain, and the yield may be in error by a factor of two.
5. Vanadium. No long lived titanium isotope was found.
7. Scandium. The yield of sc44Jn was determined by counting through 222 mg/ cm2 aluminum absorber to block the radiations from sc47 and sc48. It was assumed that the decay by orbital electron capture of sc44 is negligi~ ble. The yield of sc46 is not corrected for possible decay by orbital electro'n capture. sc43 and sc44 could not be separated in either bombardment nor could sc47 and sc48 in bombardment FeP6. Owing to the difficulty in separa,ting sc47 and sc4 8 in bombardment FeP4 the figures for the yields ~e uncertain. sc49 could not be detected.
8. Calciuin.. (FeP5) indicated a p-energy of 0.3 Mev and no gamma ra~iation.
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Potassium. The Cl34 and Cl38 activities were resolved by the use of a recording magnetic beta spectrometer. The half-lives are obtained by the analysis of the data from this instrument, and they are not very accurate.
10. Sulfur. The half-life reported in literature seems to be too long. Both silicon samples were followed for a period of eight to ten half~lives 1 --.
. and both showed single component decay with a half-life of 157 minuteso 13. Sodium. 
FeP5
The yield of Na22 is uncertain because the decay was not followed long enough to establish the identity of the isotope with certainty. would, of course, have to be modified for heavier nuclides, where the neutrons outnumber the protons appreciably. Some effects due to nuclear shell structure might also be observed. (Table XVIII) . If one plots formation cross section versus mass number it is apparent that all the nuclides of a given group (see Table XVII The picture given above indicatmwhy Fe52 is in such low yield.· It also explains why sc49 (57 minute) could not be detected. It belongs to "curve" V and its yield is probably a factor of 100 lower than the yield of sc44 (3.9 hour). It will therefore be completely masked by the latter isotope. Ti5l also belongs to "curve" V. It could not be detected.
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The yields of nuclides of mass 55 and above are not regular in this
• system. However, it is expected that .these yields are low, since the nucleus is excited to a degree such that at least two or three nucleons may be expected to boil out. In this case, the rarer, heavy isotopes of iron are expected to exert a disproportionately large effect of a magnitude which is difficult to estimate.
From Figure 4 the total reaction cross section of natural iron for high energy protons is estimated to be 340 mb.
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